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Background: The optimal treatment of isolated displaced partial articular radial head fractures remains controversial. The aim of this
randomized controlled trial was to compare the functional outcome of operative treatment with nonoperative treatment in adults with an
isolated Mason type 2 radial head fractures.
Methods: In this multicenter randomized controlled trial, patients from 18 years of age with an isolated partial articular fracture of the
radial head were randomly assigned to operative treatment by means of open reduction and screw fixation or nonoperative treatment
with a pressure bandage. The primary outcome was function assessed with the Disabilities of the Arm, Shoulder, and Hand (DASH)
questionnaire. Questionnaires and clinical follow-up was conducted at admission and at 3, 6, and 12 months.
Results: In total, 45 patients were randomized, 23 patients to open reduction and screw fixation and 22 patients to nonoperative treat-
ment with a pressure bandage. At 3, 6, and 12 months, patients treated operatively had similar functional outcomes compared to patients
treated nonoperatively (DASH score at 12 months: 0.0 [0.0-4.2] vs. 1.7 [0.0-8.5]; P ¼ .076).
Conclusions: Nonoperatively treated adults with an isolated Mason type 2 radial head fracture have similar functional results after 1
year compared with operatively treated patients. In addition, complication rates were low for both operative and nonoperative treatment.
Level of evidence: Level II; Randomized Controlled Trial; Treatment Study
� 2021 The Authors. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Radial head fractures of the elbow are common frac-
tures, with an incidence of 2.5-2.9 per 10,000 persons each
year.17 The Mason classification, which was introduced in
1954 and later modified by Broberg and Morrey in 1986 by
adding a metric definition of displacement, is the most
often used classification.3,21 Mason type 1 fractures, which
include a fissure or marginal sector fracture without
displacement, can be treated nonoperatively with early
mobilization.5,11,9,28 It is also known that patients with
complete articular fractures involving the whole radial
head, that is, Mason type 3 fractures, benefit from surgical
treatment. These fractures should be treated either by open
reduction and internal fixation or by arthroplasty in case of
comminuted unreconstructable fractures.5,13,24,25 Mason
type 2 fractures comprise displaced partial articular radial
head fractures. For so-called isolated Mason type 2 frac-
tures (ie, not associated with other fractures or ligament
injuries), treatment remains controversial. Good short- and
long-term results have been reported for both non-
operatively treated and operatively treated radial head
fractures.2,10,19,20,22,29 However, a meta-analysis on the
optimal treatment of isolated displaced Mason type 2 radial
head fractures found insufficient evidence to guide treat-
ment, mainly because of a low level of evidence.16

Hence, the aim of this randomized controlled trial was to
compare the functional outcome of operative treatment
with nonoperative treatment in adults with a Mason type 2
radial head fracture.
Materials and methods

Study design and eligibility criteria

The RAMBO (Radial Head–Amsterdam–Amphia–Boston–Others)
trial was a multicenter prospective randomized controlled trial,
conducted at 7 hospitals in the Netherlands from September 2012 to
February 2017. Institutional approval was obtained from the Ethics
Committee and Institutional Review Board, and the boards of di-
rectors of all participating centers. All patients provided written
informed consent before randomization. The trial protocol has
previously been published.4

All adult patients with an isolated Mason type 2 radial head
fracture were eligible to participate. Inclusion criteria included
all adults with an isolated partial articular fracture of the radial
head that comprised at least one-third of the articular surface and
had at least 2 mm of articular step-off but less than 2 mm of gap
between the fragments, as measured on an anteroposterior and
lateral radiograph (Fig. 1). This definition is referred to as the
modified Mason classification and is widely used in treatment
decisions. Fractures were classified on lateral and poster-
oanterior radiographs by an experienced radiologist or ortho-
pedic trauma surgeon. An additional computed tomographic
scan with axial, coronal, and sagittal reconstructions was also
recommended to verify if fractures were correctly classified and
included.

Exclusion criteria were polytraumatized patients (ie, an injury
severity score >15), radial head fractures as part of an elbow
dislocation, other fractures or dislocations of the ipsilateral or the
contralateral arm, open or pathologic fractures, previous ipsilateral
olecranon/distal humerus/radial head fractures, pre-existent
neurologic disorders affecting the upper extremity, and patients
unfit for general anesthesia and/or operative management.

Randomization and blinding

Patients were randomized in a 1:1 ratio to operative treatment by
means of open reduction and screw fixation or nonoperative
treatment with a pressure bandage. Randomization was performed
using a secured web-based computerized randomization procedure
with random block sizes.

Randomization was stratified by age, 18-49 and �50 years.
Because the assignment involved a surgical procedure, neither
participants nor treating physicians were blinded to the treatment
allocation.

Interventions

A detailed description of the interventions has previously been
published.4 Open reduction and screw fixation was performed by a
certified (orthopedic) trauma surgeon or by a surgical resident
under the supervision of a certified (orthopedic) trauma surgeon.
The extensor digitorum communis splitting approach or the
Kocher approach was used in all patients. Fractures were either
surgically fixed with headless compression screws (Fig. 2, a) or
with cannulated lag screws (Fig. 2, b). In the latter, the screw
heads were countersunk just below the level of the articular
cartilage. The number and type of screws used was subject to the
preference of the treating surgeon. Participants randomized to
nonoperative treatment received a pressure bandage for a
maximum of 72 hours and a sling for comfort.

A leaflet with identical instructions, including flexion and
extension of the elbow, and pronation and supination, were given
to both operatively and nonoperatively treated patients. Patients
treated operatively were instructed to use the elbow immediately
after the surgery as pain allowed. Patients treated nonoperatively
were allowed to start using their elbow immediately after a resting
period of 48 hours. Rehabilitation with a physiotherapist was at
the discretion of the patient and treating physician.
Outcomes

Patients were assessed at the emergency department or outpatient
clinic. Questionnaires and clinical assessment were administered
at admission and at 3, 6, and 12 months. Clinical assessment was
performed by an independent examiner, who was not blinded to
the allocated treatment because the scars on the elbow in the
operative group could easily be observed.

The primary outcome was the Disabilities of the Arm,
Shoulder, and Hand (DASH) questionnaire score at 12 months of
follow-up. The DASH questionnaire is a 30-item, self-report
questionnaire designed to measure physical function and symp-
toms in patients with any or several musculoskeletal disorders of
the upper limb. The DASH score ranges from 0-100, with 0 indi-
cating no disability.14 Secondary outcomes were the functional
outcome measured with the Oxford Elbow Score (OES), the Mayo
Elbow Performance Score (MEPS), range of motion, pain scores



Figure 1 Partial articular radial head fracture, Mason type 2
according to the modified Mason classification.
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measured with the visual analog scale (VAS), the number of pa-
tients who practiced with a physiotherapist, and complications.
The OES reflects both function and pain following elbow surgery.
The OES ranges from 0-48, with lower scores representing greater
severity.8 The MEPS is an instrument used to test the limitations,
caused by pathology, of the elbow during activities of daily living.
The MEPS is based on 4 domains: pain, range of motion, stability,
and elbow function. A total score between 90 and the maximum
100 points is considered excellent; 75-89 is good; 60-74 is fair;
and less than 60 points is poor.7

Range of motion was measured with a handheld goniometer
and included flexion and extension of the elbow, and pronation
and supination of the forearm in 90� of flexion. In addition, the
presence of crepitus in the injured joint was recorded. A
complication was defined as any adverse event for which any
additional treatment was required.

Statistical analysis

With an a equal to 0.05%, a sample size of 31 patients in every
arm was required to provide 85% power to detect a minimal
clinically important difference of 17 points on the DASH score.26
To correct for the loss to follow-up, a total of 78 patients had to be
included.

Because of slow recruitment and a high number of crossovers
from the operative group to the nonoperative group, a preliminary
1-sided interim analysis was performed on the DASH score at 12
months. Five patients who were randomized for surgery insisted
on nonoperative treatment because of minor complaints just
before the scheduled surgery. This analysis showed that the DASH
score in the nonoperative group at 12 months was comparable, or
even better, to the normative value for the DASH score.1,15

Therefore, with approval of the AO Foundation, the decision
was made to prematurely terminate the trial after inclusion of 45
patients.

All analyses were performed according to the intention-to-treat
principle. To compare the baseline characteristics between both
groups, a Mann-Whitney U test was used for age, and a c2 test
was applied for the analysis of sex, fracture side, smoking status,
and the presence of diabetes mellitus. To test for differences be-
tween the groups in the DASH and OES scores, and MEPS at the
follow-up time points, an analysis of covariance corrected for age
was performed. A linear mixed model was applied to range of
motion and the VAS pain scores. The best covariance structure for
each linear mixed model was determined using the smallest
Akaike information criterion. In both the analysis of covariance
and the linear mixed model, the data were ranked by follow-up
time point if they were non-normally distributed.6 To verify the
normality of the ranked data, the histograms of the residuals were
visually inspected. All outcome measures were corrected for age,
as this was a stratification factor in the design of the study.18

Single imputation was used to impute missing data, applying
predictive mean matching, with treatment and the other follow-up
measurements as predictors. Additionally, a per-protocol analysis
was performed.

Two-sided P values of <.05 were considered statistically sig-
nificant. All analyses were performed with SPSS software, version
24 (IBM, Armonk, NY, USA). This trial was registered with the
Dutch Trial Register (NTR3413).
Results

A total of 49 patients were included. Four patients ran-
domized to operative treatment withdrew informed consent
after randomization (Fig. 3). Twenty-three patients were
randomly assigned to open reduction and screw fixation and
22 patients to nonoperative treatment with a pressure
bandage. The median age was 50 years (interquartile range
45.5-58.0) and slightly more than one-half of patients was
female. Baseline characteristics were well balanced (Table
I). At admission, DASH, OES, and MEPS scores were
comparable between both groups (Table II). There were no
differences in range of motion at admission, except for
extension of the elbow, which was better in the nonopera-
tive group compared with the operative group (median
extension deficit 30� [24�-40�] vs. 24� [14�-30�], P ¼ .036;
Table II). Open reduction and screw fixation was performed
at a median of 8 days (interquartile range 6-11) following
trauma.



Figure 2 Partial articular radial head fracture fixed (a) with headless compression screws or (b) with cannulated lag screws.
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Twenty-two patients in the operative group and 19 pa-
tients in the nonoperative group received a computed
tomographic scan. There were 6 crossovers; 5 patients
randomized to operative treatment underwent nonoperative
treatment at own request because of minor complaints just
before the scheduled surgery, 1 patient randomized to
nonoperative treatment underwent operative treatment
because of a loose body in the elbow joint at the preoper-
ative computed tomographic scan, as was suspected on the
initial radiograph (Fig. 4). Despite the clinical lack of block
to forearm rotation, the treating surgeon felt operative
treatment was inevitable because of the intra-articular na-
ture of the fragment.

At 3, 6, and 12 months, patients treated operatively
had similar functional outcomes, measured with the
DASH, OES, and MEPS scores, compared with patients
treated nonoperatively (Table III). At 12 months, the
proportion of patients scoring excellent or good on the
MEPS was 96% in the operative group and 91% in the
nonoperative group.

Range of motion and VAS pain scores improved during
follow-up, both in the operative and nonoperative group.



Figure 3 CONSORT (Consolidated Standards of Reporting Trials) flow diagram of the RAMBO trial (Radial
Head–Amsterdam–Amphia–Boston–Others).
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Differences between both groups were not significant
(Table IV).

At 3 months, 12 patients in the operative group and 13
patients in the nonoperative group practiced with a phys-
iotherapist. At 6 months, the number of patients practicing
with a physiotherapist was 6 and 4, and at 12 months 7 and
6 patients, respectively.

Painless crepitus in the elbow joint during forearm
pronation and supination at 12 months was present in 6
patientsd3 patients in the operative group and 3 patients in
the nonoperative group.

One patient in the operative group had a superficial
wound infection for which oral antibiotics were adminis-
tered. At the 6-month follow-up, 1 patient in the nonoper-
ative group received a plaster cast for 4 weeks because of
complaints of the affected elbow, most likely caused by
overuse. After these 4 weeks of treatment, the complaints
resolved. In addition, 1 patient in the nonoperative group
who underwent open reduction and screw fixation because
of a loose body in the elbow joint underwent removal of 2
of 3 screws at 3 months. No patients in the operative group
underwent implant removal.

In an additional per protocol analysis, DASH, OES, and
MEPS scores were not significantly different between the 2
groups (Supplemental Appendix S1).
Discussion

This multicenter randomized trial showed that non-
operatively treated patients with an isolated Mason type 2
radial head fracture have similar results as operatively
treated patients, with excellent functional outcomes at 12
months of follow-up. In addition, complication rates were
low for both operative and nonoperative treatment.

Traditionally, restoration of the articular surface is an
important factor in the prevention of post-traumatic osteo-
arthritis.5 Although the follow-up of this study was too
short to determine osteoarthritis, previous studies have re-
ported on the long-term results of nonoperatively and
operatively treated Mason type 2 radial head fractures. In a
retrospective study in 2006, Lindenhovius and colleagues
found slight degenerative changes in 2 of 16 patients with
an operatively treated Mason type 2 radial head fracture
with an average of follow-up of 22 years.20 In contrast,
Akesson et al2 in a retrospective study of 49 patients with a
nonoperatively treated Mason type 2 radial head fracture
found that degenerative changes were more often present in
the formerly injured elbow (82%) compared with the un-
injured elbow (21%). However, these degenerative changes
remained asymptomatic because subjective functional out-
comes were good; 82% of patients had no elbow com-
plaints. Another retrospective study29 compared 30
nonoperatively and 30 operatively treated patients with an
isolated partial radial head fracture with 2-5 mm displace-
ment. They found 1 patient in the nonoperative group with
degenerative changes and 8 patients in the operative group.
Moreover, functional outcomes measured with the MEPS
were significantly better in the nonoperative group
compared with the operative group (mean 93, 95% confi-
dence interval [CI] 89-97, vs. 86, 95% CI 80-90; P ¼ .01).
However, no differences between both groups in Quick-
DASH and Patient Rated Elbow Evaluation scores were
found.



Table I Baseline demographics of included patients

Total (N ¼ 45) Operative group (n ¼ 23) Nonoperative group (n ¼ 22) P value

Age, yr, median (IQR) 50 (45.5-58.0) 50.0 (46.0-59.0) 50.5 (43.3-54.3) .554
Sex, n (%) .463

Female 25 (56) 14 (61) 11 (50)
Male 20 (44) 9 (39) 11 (50)

Fracture to dominant side, n (%) 24 (60) 10 (56) 14 (64) .604
Diabetes mellitus, n (%) .343

Yes 4 (10) 1 (5) 3 (15)
No 37 (90) 20 (95) 17 (85)

Smoking, n (%) .414
Yes 7 (16) 5 (22) 2 (9)
No 38 (84) 18 (78) 20 (91)

IQR, interquartile range.

Table II Functional outcomes and VAS pain score at admission

Operative group, median (IQR) Nonoperative group, median (IQR) P value

DASH 65.8 (42.5-82.5) 68.8 (52.5-80.8) .873
OES 13.0 (11.0-18.0) 11.0 (8.0-14.0) .163
MEPS 60.0 (35.0-65.0) 55.0 (33.8-65.0) .446
Flexion, degrees 106 (90-120) 120 (98-126) .164
Extension deficit, degrees 30 (24-40) 24 (14-30) .036
Pronation, degrees 75 (50-85) 75 (51-86) .953
Supination, degrees 62 (40-85) 60 (44-73) .643
VAS 7 (4-9) 6 (5-8) .817

VAS, visual analog scale; DASH, Disabilities of the Arm, Shoulder, and Hand; OES, Oxford Elbow Score; MEPS, Mayo Elbow Performance Score; IQR,

interquartile range.

All reported outcome measures are corrected for age, except for VAS pain score. Statistically significant values are presented in bold.

Figure 4 Loose body found in the elbow joint at the preoperative computed tomographic scan.
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This study only included isolated Mason type 2 frac-
tures, which can be considered stable injuries. These types
of fractures are typically impacted into a stable position
with cortical contact and an intact annular ligament. These
fractures should be distinguished from unstable radial head
fractures as a part of complex elbow fracture dislocations.20



Table III Patient-reported outcomes

Operative group, median (IQR) Nonoperative group, median (IQR) P value

3 mo
DASH 14.2 (1.7-22.5) 12.1 (4.6-19.4) .966
OES 40.0 (30.0-46.0) 38.5 (32.8-43.3) .575
MEPS 85.0 (70.0-100.0) 92.5 (73.8-100.0) .734

6 mo
DASH 3.3 (0.0-6.7) 5.4 (0.6-30.4) .110
OES 46.0 (43.0-48.0) 44.0 (35.3-47.0) .092
MEPS 100.0 (95.0-100.0) 100.0 (85.0-100.0) .798

12 mo
DASH 0.0 (0.0-4.2) 1.7 (0.0-8.5) .076
OES 48.0 (43.0-48.0) 46.0 (41.0-48.0) .114
MEPS 100.0 (100.0-100.0) 100.0 (85.0-100.0) .282

DASH, Disabilities of the Arm, Shoulder, and Hand; OES, Oxford Elbow Score; MEPS, Mayo Elbow Performance Score; IQR, interquartile range.

All reported outcome measures are corrected for age.

Table IV Clinical outcomes

3 mo 6 mo 12 mo P
value

Operative group,
median (IQR)

Nonoperative
group, median
(IQR)

Operative group,
median (IQR)

Nonoperative
group, median
(IQR)

Operative group,
median (IQR)

Nonoperative
group, median
(IQR)

Flexion,
degrees

135 (130-140) 133 (129-140) 140 (132-140) 140 (137-143) 140 (134-144) 140 (134-146) .199

Extension
deficit,
degrees

7 (0-15) 6 (0-15) 9 (3-15) 7 (0-10) 5 (0-10) 0 (0-5) .093

Pronation,
degrees

87 (85-90) 89 (85-90) 89 (85-90) 90 (86-90) 85 (82-86)* 90 (84-90)* .302

Supination,
degrees

89 (85-90) 90 (80-90) 87 (85-90) 90 (85-90) 85 (80-90) 88 (79-90) .661

VAS 1 (0-3) 0 (0-1) 0 (0-1) 1 (0-2) 0 (0-1) 0 (0-2) .185

VAS, visual analog scale; IQR, interquartile range.

Range of motion is corrected for age.
* Values are statistically significant differences at the corresponding follow-up moment.
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In a retrospective study, Rineer et al23 concluded that
Mason type 2 fractures with at least 1 fracture fragment
without cortical contact are 21 times more likely to be
associated with a complex injury pattern, compared with
fractures with cortical contact.

A systematic review by Kaas et al16 in 2012, describing
9 retrospective case series including 224 patients with a
Mason type 2 radial head fracture, found that nonoperative
treatment was successful in 80% of patients and operative
treatment in 93% of patients (P ¼ .01). Successful treat-
ment was defined as an excellent or good result according
to the Broberg and Morrey score, MEPS, or Radin score.
The authors concluded that no firm conclusions could be
drawn because the included retrospective studies had a low
level of evidence, small patient numbers, and a large
heterogeneity in study design and results. Moreover, data
regarding revision surgery or presence of complications
was not reported.

Our results are comparable with previous data on the
mid-term to long-term functional outcomes of Mason type
2 radial head fractures, with nonoperative treatment
routinely providing a satisfactory outcome. A retrospective
study conducted by Yoon et al29 in which nonoperative
treatment was compared with operative treatment in pa-
tients with a Mason type 2 radial head fracture with 2-5 mm
displacement (mean follow-up of 3 and 4.5 years, respec-
tively) found no clinical benefit of either treatment with
mean QuickDASH scores of 7 (95% CI 2-11) and 6 (95%
CI 4-10) (P ¼ .90). The MEPS was even significantly better
in the nonoperative group compared with the operative
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group (93, 95% CI 89-97, vs. 86, 95% CI 80-90; P ¼ .01).
In addition, besides a better pronation in the nonoperative
group, range of motion of the elbow was comparable be-
tween both groups. Moreover, in a long-term follow-up
study from a prospective database on 43 primarily non-
operatively treated Mason type 2 radial head fractures,
Duckworth et al11 found excellent patient-reported out-
comes. At a mean of 10 years of follow-up, the mean
DASH score was 6.1 (95% CI 2.5-9.7) and the mean OES
was 45.5 (95% CI 44-47). Only 1 patient underwent open
reduction and internal fixation at 10 days following trauma
because of a persistent block to forearm rotation.

In the Netherlands, physiotherapy sessions are not
included in the basic health insurance plans. Therefore,
physiotherapy was at the discretion of the patients in our
study. However, the patients who practiced with a physio-
therapist were equally divided between both groups.
Consequently, we do not consider physiotherapy to be a
confounder in this study.

Concerning the degree of displacement, it has long been
generally agreed, though not supported by any literature,
that Mason type 2 fractures with displacement �2 mm are
amenable to surgical fixation. Nonetheless, current research
has shown that fracture displacement of 2 mm or even �3
mm is not necessarily an indication of poor outcome in
nonoperatively treated radial head fractures.12 Duckworth
et al,11 in 100 patients with a Mason type 1 or 2 radial head
fracture, found a trend toward a significantly worse DASH
score for patients whose fracture displacement was �4 mm
compared with patients whose fracture displacement was
<4 mm (mean DASH score 13.7 compared with 5.2; P ¼
.07). However, they concluded that no firm conclusions
could be drawn from the above finding because of the small
sample size and the inevitable degree of intra- and inter-
observer variability associated with the measurement of
fracture displacement. The only clear indication for surgery
in isolated displaced partial articular radial head fractures,
not associated with other fractures or ligament injuries, is
mechanical block to forearm rotation.10,11,20

This trial has several limitations. First, because the
treatment allocation involved a surgical procedure, assess-
ment was not blinded. Covering the affected elbow could
have kept the assessors blinded for only the range of motion
measurements. However, our primary outcomes, the DASH
score and the OES, were completed by the patient without
involvement of the examiner, thus avoiding biased assess-
ments of these outcomes. Second, the target sample size
was not reached because of slow recruitment and a high
number of crossovers from the operative group to the
nonoperative group. These patients demanded nonoperative
treatment because they had minor complaints of their
affected elbow just before the scheduled surgery. None-
theless, DASH scores at 12 months in the nonoperative
group suggested equally good functional outcomes, leaving
limited scope for improvement by operative treatment. The
mean DASH score at 12 months was 7 in the operative
group and 4 in the operative group. This mean difference of
3 is clinically irrelevant, because it is lower than the min-
imal clinically important difference (MCID).27 Addition-
ally, nonoperative treatment is also preferred from a
commercial point of view, because the direct costs of
operative treatment are not taken into account. Despite its
early termination, to our knowledge the RAMBO trial is the
first multicenter randomized study to date to compare
operative with nonoperative treatment of isolated displaced
partial articular radial head fractures.
Conclusion
Open reduction and screw fixation in adults with an
isolated Mason type 2 radial head fracture is not superior
to nonoperative treatment. Hence, we cannot support the
use of open reduction and screw fixation for this type of
injury. Despite the premature termination, this study
adds evidence to the existing literature guiding the
treatment of this common fracture.
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